Purpose -This paper presents new empirical data on leases, energy management, and energy meters in the UK, with a particular focus on small and medium enterprises (SMEs) and other "minor" players. It develops a new segmentation model that identifies six different combinations of energy and organizational conditions. Design/methodology/approach -We surveyed participants in an online energy management and data analytics service. A 30 question online survey gathered data from 31 respondents on three kinds of infrastructure-legal, organizational, and technical. Findings -SMEs and other minor players are generally "data poor", lack energy managers, and have legacy meters that are read only annually or quarterly; some rent via leases that inhibit permanent alterations to the premises, including the meter. Research limitations/implications -The research is exploratory and subject to self-selection bias. Further research is needed into (1) lease language, governance structures, social practices to facilitate cooperation between tenants and landlords, (2) the scope for energy management positions in small organizations, (3) low-cost "smart-er" meters that can be reversibly retrofitted onto existing energy meters, and (4) the combination of these areas. Practical implications -Organizations may need to augment a combination of legal, organizational, and technical infrastructures to enable better energy management. Social implications -SMEs and other "minor" players are important to society and the economy, yet they are often overlooked by government programmes. This developing dataset can help policymakers include these groups in their programmes. Originality/value -This paper presents a new conceptual framework for future research and new empirical data on understudied groups.
Introduction
The non-domestic building and organizational infrastructure in the UK is highly varied. Most larger organizations operate in a mix of older and newer properties with different physical and technical energy characteristics. Some organizations have energy managers; others do not. Some organizations have smart meters and data to analyse; some even have analysts to work with the data, but many do not. Some organizations are owner-occupiers; others are landlords or tenants. A lack of information about the distribution, combination, and effects of these variables turns energy management in the non-domestic sector into a stubborn and "wicked" problem (Rittel & Webber 1973) rather than one that is "tame" and easy to solve.
From a policy perspective, little is known about physical and energy characteristics of the UK nondomestic stock, let alone the distribution of its energy management opportunities. Government models for the sector are based on data from the 1990s which are in urgent need of updating (Nicholls 2013) . The Department of Energy and Climate Change has launched a project to develop a new data set, but these efforts are concentrating on larger sectors and are therefore unlikely to capture the full diversity of issues for small and medium enterprises (SMEs). The energy management problem is particularly acute for many SMEs, typically without an energy manager, who have been shown to not be able to understand their existing energy bills, let alone improve their energy usage profiles using comparative feedback (Payne 2000) . Further, there may be problems with access to data, control, and authority in buildings that are leased rather than owner-occupied.
Much of the energy research on non-domestic buildings focuses on largest end-use sub-sectors. The UK Valuation Office Agency (VOA) defines four high level bulk classes of premises: shops, offices, factories, and warehouses; at the lowest level of detail, however, the VOA identifies as many as 400 categories (Bruhns & Wyatt 2011) . Most of the energy end-use attention focuses on the first two high level categories (office and retail), and there are specialists who focus on hotels, schools, hospitals, and other "major" building types. "Major" in this instance is often defined in terms of percentage of floor area; social or economic importance; or energy intensity.
However, we also know that these major subsectors alone do not capture the complete picture of the non-domestic market. The full picture includes a much more diverse mix of activities ranging from abattoirs (slaughterhouses), to dry ski slopes, museums, village halls, and zoos (UK VOA 2014). As carbon reduction targets ratchet up, is it possible to achieve 80% reductions just by looking at the major sectors? Is it fair to leave smaller, more diverse, or less energy-intensive users to fend for themselves? What are the opportunities to make change in and across smaller or more diverse building types?
This paper explores issues of energy management in SMEs and other understudied building types. It begins with a background section on some problems involved in under-explored areas: what is (un)known about SMEs and other minor subsectors, leases, energy management practices, and metering infrastructure. This background builds a concept of the groups that have lower ability to measure and manage their energy use, which we call the "minor leagues". These groups are often either data poor, analytically underprivileged, or both. Next, it describes the work of a small company called "Pilio" that works with several different types of "minor league" players, assisting them to enrich their data streams and analytical capabilities. It then presents new empirical data on the existing landscape of meters and leases in the UK, with a particular focus on art venues and churches. Through survey results coupled with Pilio's contextual knowledge of the data set, it provides a snapshot of the energy interests and challenges faced by organizations that are not the main target of government policies, regulations, or assistance. In conclusion, it offers some insights into how these organizations--when interested--may be able to augment their legal, organizational, and technical infrastructure to enable better energy management.
Background: Into the Unknown
This background section provides a brief context for discussion on SMEs and other niche sectors, as well as outlining the legal, organizational, and technical infrastructure that can enable or disable energy management practices.
The Minor Leagues: SMEs and Others
If office and retail are the dominant sectors, what are the non-dominant or "minor" sectors? In 2010, the UK Department of Climate Change commissioned a study of what it called the "unconstrained" sector, which includes both private (usually SME) and small public sector organizations falling "outside of existing policy tools" (Fawcett 2010, p. 4) . The report estimates that this sector is responsible for 20-40 Mt CO 2 and shows there is great diversity within the "sector":
The research has shown that there are different groups of sites and different ways of examining the unconstrained population and their differing support needs. Some are positive and keen to take action, others see only barriers. Some are approaching energy efficiency action from a position of knowledge and recognising their limitations, some erroneously believe they are doing everything possible. Some sites have a large amount of control over and interest in their site (i.e. they own it and pay the utility bills), others do not. (Fawcett 2010, p. 51) Although this report recognizes that whether the premises are owned or rented (part of what we call "legal infrastructure" below) affects what respondents can do, the report does not address the organizational or technical infrastructure of the respondents in any coherent way. Accordingly, the results provide little insight into what organizational or physical changes might be made to help these groups make the most out of their situations. This paper represents explores these issues in greater detail, with particular attention to underserved (and unconstrained) populations.
What is an SME?
To begin with, it is useful to define what is and is not an "SME." The European Commission defines small, medium, and micro businesses based on the number of employees and how much money they make (see Table 1 ). In contrast, the US government-led Environmental Protection Agency's Energy Star program focuses on "common types" of small businesses, rather than size or turnover. Common business types for which the EPA provides energy efficiency information are: auto dealers, grocery and convenience stores, home-based businesses, lodging, renters and tenants, and restaurants (EPA 2014).
In the US, small businesses pay 44.3% of the total U.S. private payroll, and produce more than 50% of nonfarm private gross domestic product. This sector is also responsible for employing half of all private-sector workers and 39% of workers in high-tech jobs (Entrepreneur 2014) . In the UK, SMEs account for 99.9% of all private sector businesses, 59.3% of private sector employment, and 48.1% of private sector economic activity (FSB 2014) . It has been argued that sole proprietors are particularly important as a part of the business sector because they are able to innovate due to a short decision chain (Bowman 2013) . However, it has also been argued that because small organizations have fewer staff members who have to multi-task rather than specialize, this makes it hard for small businesses to innovate (Fawcett 2010 ).
Compared to other firms, SMEs are thought to have a lower rate of energy efficiency adoption due to lack of access to capital (Fleiter, Schleich, & Ravivanpong 2012) , lack of time (Trianni & Cagno 2012) , lack of information (Kostka, Moslener, & Andreas 2011) and other market barriers (see Fleiter, Schleich, and Ravivanpong (2012) for an overview). Despite these challenges, some authors argue that SMEs are particularly important targets for environmental sustainability efforts because they play a large role in economic and social activity:
It is an error to neglect the SME sector. If sustainability is to become a meaningful objective for societies, and fully integrated into their structures, then small firms must be brought into the process. Whether or not SMEs pollute more or less than large firms-and there is little evidence to suggest either conclusion-becomes irrelevant if they are unengaged and inactive.
[…] SMEs comprise the fabric of all societies. Change their attitudes towards the environment and we have a chance to achieve sustainable development. Ignore them and we all suffer (Hillary 2000, 19) .
For this paper, we are interested in looking at any kind of understudied organization, whether it is an SME or some other kind of organization, such as a non-profit.
What do we mean by "other"?
In terms of "other" organizations, these are even harder to define than SMEs. Non-profits, for instance, can be very large (e.g., universities) or quite small (e.g., a single volunteer with no dedicated staff). What makes them interesting from an energy point of view is the fact that the core "business" of these other organizations is not to make money. Instead, it may be to provide a better community, a healthier populace, a more educated citizenry, or some other goal. Looking at non-profits also helps to introduce non-economic motivations for energy actions (including but not limited to what the DECC study (Fawcett 2010 ) calls "altruism"). For example, the level of concern, organizational capacity, and technical condition of an organization's portfolio have been found to be important factors in understanding the energy actions that organizations of all shapes and sizes do (and do not) take (Janda et al. 2002; Janda 2014) .
Although the minor leagues are not a major focus of energy efficiency efforts from a policy perspective, there is some indication that these groups are interested in improving their energy performance. The utility supplier Npower surveyed its SME members and found that 42% had reduced their energy use by 5-10% (Newton 2013) . A larger number (59%) said they planned to increase their energy efficiency initiatives. However, these businesses wanted further support for their efforts; 43% said the government did not offer useful advice in this area. We argue that part of the reason why government advice may not seem to be useful in the UK is that the advice is keyed only to the size of the organization, not its core business (or central concern, in the case of nonprofits). Moreover, little information is available about or directed towards the infrastructural challenges these players face due to legal, organizational, and technical aspects of their operations.
Energy Infrastructure in Organizations: Legal, Organizational, and Technical
There are many different factors that can influence the uptake of energy efficiency measures and strategies in businesses and other organizations. In this paper, we look at three broad categories of factors that that shape how organizations can pursue their goals: legal, organizational, and technical. We call attention to these factors as different kinds of "infrastructure" that are largely taken for granted in the daily operations of most organizations. Although these parameters can be changed over time, they generally set the frame in which most short term or "normal" activity and decision-making occurs.
What is legal infrastructure?
By legal "infrastructure" we refer to the legal parameters that shape how buildings are owned and used. These parameters affect what kinds of changes owners can and cannot make to their premises (e.g., for health and safety reasons, or because of cultural and historical significance) and include energy and building regulations. Of particular interest in this area from an energy management point of view is the "split incentive" problem between tenants and landlords. Half of the total UK stock of 'core' commercial buildings (shops, offices and industrial premises) is occupied by tenants (Dixon 2009 ). There is little information available on the percentage of tenants in what we have defined above as the "minor leagues." Energy management opportunities in leased properties depend on the physical premises, the varying organizational capacities of both landlord and tenant, and the language of the lease itself. Most leases do not permit tenants to make alterations to the premises or require landlords to share energy data with tenants; even "green" leases have been found to vary in the extent to which they allow alterations and data sharing (Bright & Dixie 2014) . Moreover, small business tenants do not enjoy leases that best protect their commercial interests, and there is "surprisingly little discussion as to how the letting regime does, and can, promote (or hinder) commercial activity." (Bright 2006 : 138)
What do we know about organizational infrastructure with respect to energy?
Currently, all firms and organizations pay energy bills, but not all actively "manage" energy. Where energy management does occur, it is usually driven by financial concerns or corporate social responsibility, rather than being treated as a strategic business opportunity (Cooremans 2011) . The presence or absence of an energy manager is one important indicator of organizational capacity to manage energy; an energy reduction plan is another. A recent Major Energy Users Council (MEUC) survey in the UK (Jones 2013) found that 75% of respondents said they have at least one staff member responsible for energy, but the rest have not allocated staff time to manage energy concerns. 62% of respondents had a clearly defined energy reduction strategy for their business, but the remainder did not. These results indicate gaps in organizational capacity to manage energy, even amongst self-defined major energy users. Staffing is an acute problem for many SMEs and other minor players, typically without an energy manager, who may not have the necessary information to improve energy usage profiles.
Technical infrastructure: How do meters matter?
Although energy metering is the key to building energy management programs, it is often (1) not done and (2) not done well. A Carbon Trust study found there are approximately 2.7 million manually-read meters in UK SMEs, which are read only quarterly or annually (Carbon Trust 2007). Many businesses do no monitoring at all, paying bills being their only exposure to energy use and cost. Some businesses manage to take manual meter readings and some have real time meters (usually at the 30 minute level) installed at the fiscal meter level -but normally only for electricity. These 1/2 hour electricity meters are expensive and only mandated for the larger businesses such as those within the Carbon Reduction Commitment. Data that are automatically collected from the meter may not be easy to get back from the supplier in near real time, or may only be returned as a daily file; online software can be cumbersome and not attuned to the user. The smart meter roll out programme for domestic and non-domestic buildings in the UK attempts to overcome some of these problems. There are plans to replace and upgrade 53 million electricity and gas meters by 2020 (Carbon Trust 2007). There are still, however, questions about how the smart meters will roll-out, and to whom; also whether users have easy access to their data.
A data gap has opened between the groups that have better meters and energy management infrastructure and those that do not. This gap will persist at least until the smart meter rollout has been completed, and possibly beyond. Smart meters tend to be targeted at the main fiscal electricity meter for the premises, and are often thought to help the utility (e.g., with billing and possible real-time pricing in the future) more than the user. A metering regime targeted towards users (instead of utilities) might take a more detailed and diverse approach: measuring energy use at the meter, submeter and appliance level, for gas, electricity, water and oil.
A Segmented Socio-Technical Approach
Based on the background discussion above, the paper introduces a segmented socio-technical approach to work with and learn from different configurations of building energy data and ownership in the existing UK non-domestic stock (see Table 2 ). This approach uses the concepts of "data rich" and "data poor" to identify and map energy-related infrastructure, as well as barriers to and opportunities for change. We define "data rich" as a Platonic ideal archetype: an organization that is able to gather, analyze, and use energy data to manage its premises in perfect harmony with its core strategy and central concerns. The reality is somewhat messier and inexact. Real organizations fitting this category will have lots of data-generally achieved through automatic meter reading (AMR)-and an energy manager of some description. In contrast, a "data poor" organization is one without access to real-time data and lacking the in-house analytical capacity to measure, map, and understand energy issues. 
This typology is a heuristic model designed to help define and categorize research assumptions about the nature and distribution of firms and organizations with respect to energy issues. The horizontal categories recognize that there are three kinds of ownership types in the market: owner-occupiers, landlords, and tenants, each of which is subject to a different kind of legal infrastructure. The categories on the right split these three ownership types into data rich and data poor categories, resulting in a typology of six different firm types.
This segmentation model was designed for a broader investigation of the firms operating in the retail market in the UK (Janda et al. 2013) . It provides an initial framework that allows for a more nuanced characterization of firms and organizations beyond "large" and "small." It also enables more clarity about preconceptions of where certain players in the field would be located.
For the current research, we did not aim to "fill in" the table. Instead, we concentrated on groups we believed would be "data poor." For the current research, the authors guessed that most SME or "minor league" players would be in the "data poor" category (Types B, D, F). We further anticipated that many SMEs and minor league players would be tenants (Type F) rather than owners or landlords. As discussed below, our sample reflected some but not all of these initial assumptions.
Methods
To empirically explore energy management issues from the perspective of the "data poor", we worked with a company called Pilio and performed an online survey of their members. This was a convenience sample rather than a statistically representative one. We therefore offer the insights below as exploratory rather than explanatory research.
Working with the (Data) Poor: Pilio and sMeasure
Academics and researchers who are interested in understanding energy use in buildings have a hard time getting access to detailed consumption data that could be used to increase their own knowledge as well as those of policy makers and energy users. In the UK, a company called Pilio (2013) aims to bridge this particular information gap.
Pilio
Pilio is a company that offers energy analytic products to businesses and households that lack electricity and gas meters that can be read remotely and automatically. Small customers often have to read their own meters anyway to avoid estimated bills. So technically, they already have their own data. But many of them do not know how to use this data. Pilio provides energy management advice and weather-adjusted analysis to help turn data into useful information. It also asks its customers to contribute their information to Pilio's data set. By contributing their data to Pilio, they agree to be a part of an evolving dataset that can identify clusters of buildings by owner as well as by type or size. This will help researchers to understand how different types of owners manage their properties, while helping owners understand their buildings better, and in a broader technical and environmental context. Pilio is working with some unusual clients, including the Church of England and a network of theatres and performing arts venues via Julie's Bicycle and Creative Carbon Scotland.
sMeasure sMeasure is an online energy management tool developed by Pilio as a complement to its initial offering, iMeasure. iMeasure was designed for homeowners, sMeasure was designed for small and medium businesses. sMeasure was first made available in an alpha version in 2007, and it has collected a number of followers since then. Within sMeasure, there are currently 1855 registered buildings; 1498 registered businesses; and 1102 registered users. These numbers show it is not a one-to-one mapping between users, buildings, and businesses. Some businesses have multiple buildings; some users may have multiple businesses. Like many other websites, sMeasure has its share of users who joined but do not actively use the service. The executive director of Pilio estimates that about a third of the users actively use the software (~350).
Survey of sMeasure users
To learn whether some innovative metering techniques might be of interest to their members, Pilio planned to survey their members regarding their metering infrastructure. The authors worked with Pilio to extend the survey and address basic building ownership, lease, and energy management characteristics. The survey thus served a dual purpose of providing specific information to Pilio and gathering more general information about legal and organizational context for this research. The survey was delivered online between January 7 and 21 using "survey monkey" and had 30 questions. A prompt was sent midway through the period to remind members to complete the survey. The data gathered contributes to a developing database on the technical and legal infrastructure in small and medium enterprises. As sMeasure users are self-selected, this research design does not provide a representative sample of the entire population of the "minor league" area. Instead, it takes a snapshot of some unusual groups interested in improving the energy performance of their organizations.
Survey Results
We received 31 completed surveys from sMeasure users in 1 tourist/leisure facility, 3 schools, 12 arts venues, and 15 church estates. Compared to the number of active sMeasure users, we estimate this is about a 9% response rate, which is typical for online surveys. The respondents are self-selected, so they represent a slice of sMeasure users, not the full spectrum. Aside from the prompt sent midway through the survey availability period, no additional efforts were made to chase non-respondents. Those who did respond to the survey were quite engaged. Nineteen respondents took pictures of their meters and returned them as part of the survey (see Table 3 ), and about half of them indicated they would be available for follow-up interviews for further research.
Thirty out of the 31 respondents classified themselves as from organizations with fewer than 150 employees, so they fit the EC definition of a small business or organization. However, some of these are affiliated with larger organizations, which raises the question of how independent these groups are. These issues are described in the case studies and will be discussed following the results.
Respondents affiliated with more than one building were asked to answer the survey by choosing a "typical" building rather than responding generally across a broader set of premises.
The results are organized according to the three infrastructures explored in this paper: legal, organizational, and technical. In addition, a section on real time metering draws out respondent comments on this area, and a final section describes the two major respondent groups (arts facilities and church estates) as case studies that cross-cut these categories.
Ownership & Legal Infrastructure
Over 75% of the respondents said that they own or mostly own the premises their organization uses; the remainder were renters. Of the renters, most (77%) said they rent the whole premises, and 23% said they rent part of the premises. When renters were asked if they had contact with the landlord in relation to energy use, about 11% said they had frequent contact; and the remaining 89% had infrequent or little contact. When asked whether their leases allowed for modifications if deemed beneficial by both parties, 73% said their leases would allow for such modifications. However, 27% said they had no idea what their lease did or did not allow.
Energy Management Characteristics
About 40% of those surveyed said there was no formal or designated "energy manager" at the organization. Of these respondents, one third said there was a person who handled this responsibility in addition to a number of other duties. At two different organizations, the role of "energy manager" is filled by volunteers, rather than staffed by professionals. Five respondents said they play the role of energy manager for their organization (including the volunteers). A further 15 respondents (~50%) said there was an energy manager, but it is one person who handles this task as part of a larger job (65% total). Only one respondent said their energy manager had energy management as a sole responsibility. About 20% said there was a facilities team (not just an individual) inside the organization that handles building issues of all kinds. No respondents in this group were aware of a team outside the organization being hired to manage facilities or energy.
Although all the respondents are sMeasure users and therefore interested to some extent in energy use, 73% of survey respondents are not directly responsible for paying the energy bills. 21% are responsible for ensuring that someone else pays them; and 7% pay them directly. The respondents were asked if they had access to the energy bills (both gas and electric) for their organization, and 93% said they did have access, although two respondents clarified that this access was through other people (in one case, a treasurer; in the other, "only when I ask.") In terms of billing payments, about 54% of respondents pay their bills directly to a supplier via direct debit; 27% organizations pay the supplier manually; and 4% say their costs are included in their rent. No respondents pay energy costs via a variable service charge levied by the landlord; however, about 15% said they were uncertain how the bills were actually paid.
Respondents were asked if their organizations were currently subject to any governmental regulations around energy use, such as the carbon reduction commitment (CRC) 1 , energy performance certificates, or display energy certificates. 28% said their organizations were subject to these kinds of regulations; 62% said they were not; and 10% did not know. Five respondents mentioned DECs in their responses; one mentioned the CRC. When asked if their organization is concerned about energy use regulations likely to be implemented in the near future, no respondents were "very concerned." Some were "somewhat concerned" (22%); most (63%) were neither concerned nor unconcerned. 15% said they were completely unconcerned by future regulations. Additional comments regarding this suggested that energy concerns were based on organizational policies; price increases; increasingly bad weather; dilapidated buildings; and ancient boilers with obsolete parts. One respondent also commented that his/her organization had received a grant from the arts council related to energy savings, which raised awareness rather than increasing concern.
Technical Infrastructure
Respondents were asked a series of general questions about the type, number, and accessibility of electricity and gas meters on the premises, as well as whether or not the meters allowed automated meter reading (AMR). In addition, respondents were asked to submit photos of their meters. Results from these survey sections and the meter research are discussed below.
Electricity meters
When asked what kind of main electricity meter the organization had, 62% said their meters had a flashing LED; 23% had a mechanical meter with dials; and 12% had a meter with numerical characters. Only 28% of respondents had automated meter readings (AMR) from their meters; the remaining 72% did not have AMR. Of the respondents with AMR, only 1 respondent said they owned the data; three others could access the data through the supplier or a service contract that would allow free downloads of the data. Only about half of the organizations with AMR reported actually being able to access these data. 61% of the respondents said that their main meter was their only meter; 39% had more than one (ranging from 2 to 5 meters in total); no respondents indicated having any submetering in place.
Gas Meters
16% of respondents said they did not have a gas meter. The majority (52%) said they had a gas meter with characters only, and the next biggest proportion of respondents (24%) said they had a mechanical meter with dials. Only 8% (2 respondents) said they had a pulse-enabled meter, which would allow for AMR for gas. Of these, only one respondent actually has AMR for gas, but this respondent does not currently have access to the data. This respondent commented s/he will have access to the data "in future." The vast majority of respondents (95%) do not have AMR for gas, and therefore do not have access to any data that AMR would provide.
64% have just one gas meter, and the remainder had between 2 and 4 meters. Two respondents each had one submeter for gas.
Meter photos
Meter photos for 27 buildings were submitted (see Table 3 ), which were mostly theatre (9 of the 11 where from the same theatre company case studied below) and church buildings. Between them, these buildings had 74 different meters of various kinds and capabilities. We classified meters into "legacy" and "AMR-ready" according to the types of measurements they are capable of making. A legacy electric meter, for example, has a dial or characters and can only be read manually. A legacy gas meter uses imperial units (cubic feet); newer AMR-ready gas meters are measured in metric units (cubic meters) and have a pulsed output that can be captured and read remotely. Figures 1-4 show some of the electricity and gas meter photos submitted by respondents. The black box with the wire coming out of it in Figure 4 is a device that shows this meter is AMRenabled. 
Interest in AMR and Real-Time Data
When asked about their interest in monitoring their energy usage (both gas and electricity), 71% said they would be interested in electricity real time data; 50% were interested in real time data for both electricity and gas. No respondents were interested in real time data for gas only. 29% of respondents were not interested in any kind of real time data.
Case Studies
In this section we combine expert knowledge from Pilio's executive director with survey results to provide a different view of the respondents that cross-cuts the survey questions and raises additional topics for further discussion. It focuses on the two main respondent groups: churches and theatres. Together, these respondents accounted for 87% of survey responses. When considered in their broader context, they present two very different sets of physical and organizational challenges.
Theatres (39% of responses)
The group of twelve arts venues in the sample contains one micro business (four employees); seven small businesses (10-50 employees); three medium businesses (51-250 employees) and one behemoth with 2000+ employees. The giant in the sample is the largest theatre operator in the UK, running 39 venues across the country, including theatres in London's West End and regional theatres in cities from Torquay to Glasgow. The group employs 3,500 staff and produces hundreds of theatrical shows each year. Over the past two years the group has transformed its approach to dealing with its environmental impacts, cutting overnight energy use by 15% and bringing zero waste to landfill (IEMA 2014). Although only one respondent answered on behalf of the large theatre group, nine of the other respondents also belong to this larger group, representing 83% of the theatre respondents.
The survey was not designed to explore the relationship between pieces of an organization and the whole, but it raises some interesting energy management questions which will be discussed further in the next section.
The large theatre organization has a designated safety and environmental advisor. She was hired into this post in 2011 after managing a single theatre site for 12 years. As this is a relatively recent position, much of the group's environmental data was not readily available in a centralized or accurate format when she began her work. Her first job was to work with the utility broker to build up a comprehensive system of reporting. In 2012, she got a grant to upgrade the group's electricity meters. Now both she and the venue managers have half-hourly electrical meters and regular reports. She decided to target "overnight" usage because show producers hire the auditoriums for rehearsals and can use the space as they see fit during the day. Working with venue managers, she conducted site audits by torchlight to see what could be turned off at night. Her efforts resulted in a 15% energy use reduction that cut CRC costs by £6,000 a year. This year she plans to upgrade all the gas meters from manual readings to AMR and institute a training course on environmental impacts for the theatre operations staff.
Churches (48% of responses)
Compared to the theatre case study above, the Church of England faces a very different situation in terms of staffing and its building stock.
The first question on the survey was "approximately how many people work for your organization?" which most respondents interpreted as a question about employment. Many church respondents started their response with "it's a church" and then tried to fit the organizational context to this question. Two respondents said no one worked for the church, although one then commented that the minister is paid. Many respondents mentioned the contribution of volunteers, and several mentioned the number of people in the congregation. These various responses suggest that in a non-profit, faith-based organization, the concept of "employment" or "work" is a slightly difficult one. However, all of these respondents noted that the staff positions in their churches are minimal. By the EC definition, all of the organizations are in the "micro" category with between zero and five employees. As with the theatre case, however, there was one respondent who spoke on behalf of the larger organization: the Church of England. This respondent indicated there are approximately 100 employees working with 834 churches and vicarages.
The Church of England estate is vast and covers about 16,000 buildings, including 42 cathedrals; 4,677 schools; and 15,779 churches (Symonds 2013) . The Church has committed to a carbon reduction target of 80% by 2050, with an interim target of 42% by 2020 (Churchcare 2014) . To achieve these commitments, the Church has implemented a campaign called "Shrinking the Footprint" to reduce its carbon emissions. The Church undertook a 2-year national energy audit (2011) (2012) (2013) in which the use of sMeasure was encouraged to improve understanding of energy use across the church estate. Participation in the audit was voluntary and participation was low. For many churches, this was their first attempt at actively monitoring energy, so they required more training and support than the resources available could provide. Of the 430 buildings that have thus far registered (3% of the estate stock), only 78 (0.5%) contributed enough data to build the chart in Figure 5 .
These data suggest that the Church of England is confronted by an almost impossible situation. Each parish is individually responsible for the energy bills, maintenance and upgrades, and the central budget to support energy management and carbon reduction is very limited. The Church's portfolio of buildings is large, diverse, and ancient. Many of the properties are "listed" for their cultural and historic significance, which makes physical changes difficult. For example, stained glass windows are not designed for energy efficiency. Additionally, the metering infrastructure in the Church estate is meagre: only one respondent claimed to have access to AMR electricity data, compared to the theatre group which has AMR electricity meters across all sites and will soon also have AMR gas. Coupled with these challenges, the Church has a very small personnel resource upon which to depend, given that most of the staff are volunteers.
Discussion & Conclusions
We initiated the research envisioning a foray into a diverse set of building types, and found two big clusters of arts venues and churches. We anticipated that the users of sMeasure would be data poor and that they would be mostly tenants rather than owners or landlords. Table 4 shows the results for our survey sample, mapped onto the segmentation typology articulated in an earlier section. While 71% of our survey respondents were indeed "data poor(er)", 29% of them had AMR for electricity, so we have classified them as "data rich(er)." A far higher percentage of the respondents were owners (Types A and B) than we expected, only 21% classified themselves as renters (Types E and F). In our sample, about twice as many tenants and owners were "data poor" rather than "data rich."
What we learned from the combination of the survey and the contextual knowledge of our partner Pilio was that more data is not necessarily better. Not all respondents aspired to be data rich: 29% had no interest in real-time data. Moreover, some "data rich" organizations are swamped by energy information and need better analysis of their data to lead to actionable insights. Where there is enough staff time and expertise to do data analysis (as with the large theatre group) the results of enriching a data stream can be significant. Although better data streams may be necessary for better energy management, they are not sufficient. Where there is not enough staff time and expertise to review the data, as with the Church of England, it is unlikely that better metering will lead to better energy management.
Although previous research has suggested that the size of an organization is a key factor in whether or and how it can adopt innovations (Bowman 2013; Fawcett 2010; Fleiter, Schleich, & Ravivanpong 2012; Trianni & Cagno 2012; Kostka, Moslener, & Andreas 2011) , we wonder whether organizations that have been studied previously were truly standalone SMEs or whether they may have been affiliated with part of a larger organization. Most of our theatre and church respondents answered organizational questions based on the smaller unit of their direct experience, rather than distinguishing their part as contributing to a larger whole. On its own, the survey data would not have revealed these important connections; seeing these relationships required a review of the data from someone knowledgeable about the participating organizations who could situate the responses in context. As other ongoing efforts attempt to gather information about the non-domestic stock on a building by building basis (Nicholls 2013; Bruhns & Wyatt 2011) , we argue that these efforts may need to take account of the connections between buildings and organizations which may be invisible to a strictly "energy and buildings" lens. The poet John Donne once wrote that "no man is an island," arguing for the importance of interconnection within humanity. It would be interesting to understand whether and how this concept is applicable to buildings and organizations in today's world of membership, affiliation, aggregation, and social media. Indeed, some scholars have argued for the importance of communities that are built across and between buildings (Axon et al. 2012; Janda 2014 ).
SMEs and other cultural and religious organizations are important to the fabric of society in various ways, and we agree with Hillary (2000: 19) that "to ignore them would be an error." Therefore, we conclude with some recommendations for further research.
Recommendations for Further Research
Although the challenges in improving the existing building stock are legally, organizationally, and technically complex, the data gathered here suggest that even the minor leagues are moving on these fronts in different ways. To assist these efforts, the paper emphasizes that further research is needed into (1) lease language, other governance structures, and social practices that can facilitate better cooperation between tenant and landlord, (2) the scope for energy management positions shared between small organizations, (3) low-cost "smart-er" meters that can be reversibly retrofitted onto existing electricity and gas meters, and (4) the combination of these areas.
Legal Infrastructure
Although the idea and language of green leases was largely unheard of in England before 2007, there are now a number of toolkits available, giving tips and precedent wording for inclusion in leases, such as the Green Lease Toolkit issued by London's Better Building Partnership (BBP 2009; Bright & Dixie 2014) . These leases (and also or alternatively, memorandums of understanding) aim to help landlords and tenant cooperate in the pursuit of more sustainable practices. Further empirical work in this area is needed to understand how these traditionally adversarial relationships are being reconstructed in a cooperative spirit (Axon et al. 2012; Bright & Dixie 2014) .
Energy Management
Where energy management "sits" within the staffing of an organization is an area that is poorly understood within the dominantly technical field of energy efficiency improvement. Our results suggest that organizations with a dedicated energy manager and smart meters will be more effective than smart meters alone. Given the fact that many organizations are too small to hire an in-house energy manager, it is possible that this role will be filled increasingly from outside the organization. Although no respondents indicated the presence of an external team dedicated to energy management at their organization, to some extent, this is the role that Pilio currently occupies. Further empirical work looking at how many energy managers it takes to change the building stock would be of use. In 2013, the UK Engineering and Physical Sciences Research Council announced a call for research on energy management in non-domestic buildings, with results to be revealed in early 2014. Through these forthcoming research efforts, the authors hope that the presence, absence, and scope of energy management within buildings of all types (not just the major players) will be better mapped and understood.
Technical Innovation
The results of our work and other research show there is still a large stock of non-smart 'legacy' meters in use in the current building stock. Retrofitting these meters is with a combination of various technologies is one interesting area of research. Some innovators have attempted to retrofit these into half-hourly meters using time-lapse web-cams and onboard optical character recognition (OCR) software, but these have not been greatly successful. OCR is difficult for meters, cameras get moved, background light can interfere, and onboard software has problems. Some of these problems can be overcome by sending the images to cloud software on the internet for further processing, or including human recognition. Alternatively, small linux machines or Android phones can be used as local data monitors with powerful onboard processing and either Ethernet connection or wfi/3G dongle capability. These can be used to remotely read gas/oil/water pulsed meters, as well as electricity through a current clamp or flashing LEDs, and can also provide other information such as temperature.
Innovative Combinations
Although there is further research needed in each of the areas mentioned above, innovative combinations of these areas will likely yield the greatest levels of carbon reduction. From a program evaluation standpoint, this may be complicated, as it would be difficult to disentangle which part of the package is most effective and why. However, if the goal is improving energy efficiency, this exploratory study suggests these three interrelated areas require further attention, both separately and together.
